Purpose. The existing system of automatic locomotive signaling (ALS) was developed at the end of the last century. This system uses the principle of a numerical code which is implemented on the basis of relay engineering, and therefore, it is exposed to various types of interferences. Over the years, the system has been upgraded several times, but the causes of faults and failures in its operation are still the subject of research. It is known that the frequency and the phase modulation of signal has a higher interference immunity as compared to the amplitude modulation. Therefore, the purpose of the article is to study the possibility of using the frequency methods such as Fourier series expansion and wavelet decomposition to extract the informational component of the received code from ALS signals under the action of various types of interferences. Methodology. One can extract the information unavailable in time representation of the signal using the signal studies in the frequency domain. The wavelet decomposition has been used for this purpose. This makes it possible to represent the local characteristics of the signal and to provide time-frequency decomposition in two spaces at the same time. Due to the high accuracy of the signal representation it is possible to analyze the time localization of spectral components and eliminate interference components even in the case of coincidence of interference frequency with the signal carrier frequency. Findings. To compare informativity of the methods of Fourier expansion and wavelet decomposition it was studied the reference and noisy signal of green fire code using the software package MATLAB. Detailed analysis of the obtained spectral characteristics showed that the wavelet decomposition provides a more correct decoding of the signal. Originality. Replacing the electromagnetic relays in the ALS system by microprocessor hardware involves the use of some mathematical tool for decoding, in order to obtain more information about the code. More often than not, as a mathematical tool, the classical Fourier decomposition is used. But because of a number of drawbacks in this method, it was suggested to use the wavelet decomposition, which has a number of advantages and accounts the disadvantages of the Fourier transform. Practical value. The presented method of code signal research can be the basis for developing dynamic model of the ALS receiver and decoder using digital processing module, which will enable to increase the reliability and accuracy of extraction of the code information component.
Introduction
The existing system of automatic locomotive signaling of continuous action (ALSC) has been developed and started to operate more than 40 years ago. It was built using electromagnetic relay with a numeric code, and has significant disadvantages in spite of a series of upgrades.
The disadvantages of the system include: the limited informative value (three code dispatches and five signal indications on locomotive lightsignal); indications of the locomotive light-signal do not reflect the speed limit of passing of traffic guide lights and station lights, depending on the length of the block section and the required speed limit on it; low reliability of locomotive devices is due to the coding by amplitude modulated signal, which has low interference immunity. It is subjected to changes in the duration of the pulses and pauses, which causes failures when applying the codes for a locomotive. The system can receive codes from the next track. It is impossible to use it on the high-speed sections because of the low information content and large inertia [2, 24] .
ALSC signaling occurs in specific conditions, peculiar only to this system. Firstly, the signal in each track circuit is transmitted only from its own source and its level in the rails continuously increasing as the train moves. Secondly, the locomotive transition from the one track circuit to another is accompanied by a short interruption in the track signal reception and a dramatic decrease of signal current in the rails. In addition, track circuits, connecting the moving locomotive with the signal transmitter are simultaneously used both in the auto-lock system and on the electrified railways to pass the reverse traction current. The sources of harmonic interferences are the traction substations and the networks of direct and alternating current, as well as the traction drive of locomotive. This particularly applies to electric drives with asynchronous traction motors widely used in recent years [8] .
The problems of protection from the main sources of interference at the railway transport, which lead to failures in the operation of signaling and communication equipment, their research and identification, were considered in numerous scientific studies, but they are still relevant [23] .
It is known that the amplitude modulation which is used in ALSC for transmission of numeric code combination has low interference immunity as compared to the frequency and phase one. This is explained by the so-called passive pauses, i.e. the lack of signals in the pauses. As a result, upon the receipt of code combination the total signal energy in a cycle is proportional to the ratio of the total duration of all pulses and the duration of code combination. Thus, the difference in energy level of different ALSC codes is from 6 to 11 dB.
Applicable coding principle also has some disadvantages, which do not allow the use of wellknown schemes for constructing an optimal receiver. Discrete signal transmission theory is based on the concept of a symbol having a predetermined duration, frequency, and it is not applied to code combinations of the ALSC system. Consequently, it is impossible to use the systems of clock and frame synchronizations, pulse distortion equalizers. For this reason, the interference immunity is reduced almost by 6 dB.
Another factor influencing the interference immunity of ALSC receivers is the signal degradation associated with the carrier frequency. As a rule, filter systems of data transmission in the signals should contain at least eight periods of carrier for each symbol. The exception is the systems with the minimum phase modulation types, operable with a signal/interference ratio at least 20 dB, which cannot be achieved in the channel ALSC. The pulse duration «RY» transmitter KPT-5 is about 0.23 seconds. When a carrier frequency of 25 Hz in a pulse will be at least six periods. The amount of signal degradation in this case is 0.8, i.e. its capacity is reduced by 2 dB.
The amount of losses of the interference immunity of the system is 14 dB. Accordingly, the error probability is increased tenfold as compared to the optimal receiver.
The analysis shows that in ALSC system especially at a frequency of 25 Hz it in principle impossible to obtain high interference immunity [7] .
In addition, the railway lines almost always have a longitudinal traction current asymmetry that arises, for example, when breaking the wire railbonds or when connecting to one of the rails the earthings of traffic lights supports, masts, and other metal constructions. Therefore, with the electric traction the track transformer core is magnetized by the traction current. During the train movement the current value is changing, and the parasitic modulation of signal current by the traction one takes place. In connection with this the increase in signal current is not always effective and sometimes it results in increase of ALSC failures. It should be noted that with the advent of more powerful locomotives, this phenomenon has become even more pronounced [19, 20] .
Purpose
In view of the above mentioned the work is aimed to study the possibility of using the frequency methods (Fourier transform and wavelet decomposition) to increase the reliability and credibility of extraction the informational component of the received code from amplitudemodulated ALSC signals under the action of various types of interferences. The implementation of this research in the future may be the basis for the development of a new receiver of the ALSC system with improved interference immunity.
Methodology
In the existing ALSC system the principle of operation of decoding devices is based on the analysis of amplitude and time characteristics of the received signal. Information value is the number of pulses in the signal, and the protective one is a long interval at the end of the code. On this basis, shortening or lengthening pulses and intervals, filling the long interval or numerical distortions can lead to incorrect reception of the code [3, 6] .
Often the information, which is not noticeable in the time representation of the signal, is shown in its frequency representation. Using the Fourier transform (FT) one can study the noisy ALSC code signal comprising interferences from various sources. With the use of FT, a signal is decomposed into elementary harmonic vibrations with different frequencies and all the necessary properties and formulas are expressed using one basis function exp(jωt) or two real functions sin(ωt) and cos(ωt). This gives the spectral information about the signal and describes its behavior in the frequency domain [16, 17, 21, 22] . The Fourier transform is described by the formula:
in which the basis function is:
As a result of the ALSC signal decomposition it is obtained the basic carrier frequency 25, 50 or 75 Hz (depending on the type of track circuits) and interference frequency. Based on the method of correlation reception according to spectral feature in the amplitude-frequency dependence appropriate ALSC codes can be recognized. But it should be noted that the FT makes it possible to determine the frequency content of the signals, but one cannot determine at what time point there is one or another frequency. This makes the method of spectral analysis unusable for processing of noisy nonperiodic signals containing interferences, for which the value of occurrence time is of paramount importance. Moreover, the interferences coinciding in frequency with the desired signal will be decoded as the code elements, which in turn may lead to incorrect representation of signal indication on locomotive traffic light.
In case of decoding the ALSC code signal a significant information load carries the temporal localization of the spectral components and the corresponding time-frequency signal representation, which can be implemented using the wavelet decomposition (WD). As compared to the signal decomposition in Fourier series the wavelets can represent local features of the signal much more accurately and to provide a two-dimensional scan, in which the frequency and the coordinates are regarded as independent variables. This makes it possible to analyze the signal in two spaces at the same time.
The wavelet decomposition is described by the formula:
with arbitrary parameters of basis function (which is also called the mother wavelet) -scaling factor j, and the shift parameter k:
In addition to Fourier transform one can use for signal processing the Short Time Fourier Transform, which is the time, frequency and amplitude function. However, considering the «Heisenberg Uncertainty Principle», this method of processing does not give the opportunity to measure the frequency and time with high accuracy. In turn, the wavelet decomposition makes it possible to reduce the influence of «Heisenberg uncertainty principle» on the obtained time-frequency representation of the signal, where the shift of mother wavelet can be considered as the time elapsed from the time t=0 (since it shows the wavelet location in time), and the scale is the quantity inverse to the frequency.
By analyzing the time intervals equal to the duration of pulses and frequency components contained in it, it is possible to fix the presence of the corresponding code. At this the interference frequency appearing outside the time pulse intervals, even repeating the basic carrier frequency will not carry a critical information load, which in turn will prevent erroneous decryption of the code [4, 12, 14] .
Findings
Firstly, it was taken the signal containing information on a green signal indication (G code), without interferences, obtained in the actual operating conditions (Fig. 1) . Using the MATLAB programs let us carry out the Fourier transform (Fig.  2) [9, 10, 11] on this signal. Analyzing the Fig. 2 , we can see the maximum amplitude surge is at the frequency of 50 Hz and the signal current harmonics is at the frequencies multiples of 50. Since this signal has the correct amplitude and time parameters, we accept it as a reference.
Further we expand this signal by continuous one-dimensional wavelet decomposition with the help of MATLAB pack (Fig. 3) , using the Daubechies wavelet with a center frequency of 0.7143 Hz.
In the first field is the amplitude-time characteristic of the signal, in the second field is the wavelet spectrum in which using the color gradation are shown:
 the minimal frequencies, which are present in the signal using dark brown color;  maximal frequencies (in this case 50
Hz) that are present in the signal using the milky white color. It can be seen that the entire period of time interval of the code G pulse is filled with the maximal frequency (50 Hz). Time intervals of pauses are not sharp; the signal frequency is reduced and gradually comes to zero. This informs that the signal current in these sections (almost black sections of the spectrum) disappeared.
As in the case of Fourier transform, the wavelet function is characterized by coefficients. But in this case, we are talking about the scale factors (scale), which are visualized in the third field of the Fig. 3 . Local maxima of these coefficients are in the fourth field of the Figures. If we draw an analogy with the time-frequency dependency, then the scale will be the reverse value to the frequency, since the small scales correspond to the upper frequencies of the analyzed signal, and the large scales -to the lower frequencies.
This dependence is easy to trace in the Fig. 4 . Here on the scale of the range 1-97 pulses and pauses of green code are clearly visible, and on the scale of the range 129-577 pauses are filled with tapered continuous graph of dark brown color. This indicates the presence of low-frequency interferences, which are not essential for decoding the code almost in the entire time interval of the signal current presence [15] . The Fig. 5 shows noisy signal in comparison with the reference one, which contains information about green signal indication (G code) obtained under real operating conditions. The figure shows that there is high amplitude of interference, the time of occurrence of which coincides with the time slot of the G code intervals, resulting in their considerable distortions. Using MATLAB let us carry out the Fourier transform on this signal (Fig. 6) . Analyzing the Figure 6 , it can be noted that some part of interferences has significant spikes at higher frequencies of 380, 620, 1020 Hz, which cannot result in erroneous decoding of code, and the other part of interferences coincides with the carrier frequency of 50 Hz, which could have a fundamental importance to identify the boundaries of the intervals and pauses.
Let us apply continuous one-dimensional wavelet decomposition with the help of MATLAB package (Fig. 7) to the one period of G code using the Daubechies wavelet as in the first example. In this Figure it is clearly seen that the first pause of the G code is filled by the interferences, which coincide with the carrier frequency of 50 Hz (whitemilky color of the verticals). Having the ability to monitor the frequency, which is not localized in time, the interference data may cause incorrect decryption of the code. Wavelet analysis gives the possibility to track the presence of the carrier frequency in relation to the time of existence of the spectral component that enables more correct signal decoding. 
Originality and practical value
Upgrading existing ALSC system involves replacing relay by the microprocessor hardware, which has a huge number of advantages. In turn, the digital processing of the received code signal increases reliability that reduces the number of failures in the system operation.
Digital processing of the signal involves the use of a mathematical tool to convert the signal in order to obtain more information about it, which is not available in its original form. Among many well-known signal transformations, such as the Short Time Fourier Transform, Wigner transform and others, the most popular is the classical Fourier transform. By Fourier series expansion of the signal one can determine the value of amplitude and phase both of the studied signal and the interferences, affecting the work of ALSC devices, as well as the distribution density of probability of the code signals, interferences and their statistical characteristics [1, 5, 13] . But there are some disadvantages of this analysis:
-the limited informative value of the nonstationary signal analysis and the fact that it is almost impossible to analyze their peculiarities (breaks, steps, peaks, etc.), since their «dissipation» in the entire frequency range of the spectrum takes place;
-representation of the global information about the frequencies of the studied signal and the lack of representation of the local signal properties with rapid temporal changes in its spectral composition.
Therefore, it is necessary a mathematical optimal signal processing method that can take into account these drawbacks. In this article the wavelet decomposition is considered as a possible alternative, which has all the advantages of Fourier transforms, but it has a number of advantages:
-wavelet bases can be well localized in both frequency and time;
-wavelet bases can be represented by variety of basic functions, the properties of which are focused on the solution of various problems.
This article WD is used to analyze the ALSC signal code, the expansion of the reference and the noisy G code followed by conclusions about the peculiarities of this expansion is carried out. Based on the above mentioned method of the code signal study one can develop a dynamic model of receiver and ALSC decoder, in which the module of digital signal processing applying the wavelet decomposition will be used. This will increase the interference immunity of the locomotive ALSC devices as a whole.
Conclusions
Sending messages about the signals of track traffic lights or the block sections vacancy using the ALSC to the moving locomotive is carried out by electrical signals which are transmitted along the rails and are perceived by the locomotive receiver. The messages during transmission are subjected to distortions that may occur when converting a message during transmission or reception and under the influence of interferences.
Considerable part of interferences may enter the frequency range of the useful signal component and lead to failures in the ALSC operation. Signal decoding and analyzing it in the amplitudefrequency domain, which can be carried out using the FT does not provide comprehensive information about the received code. Information on the signal local features can be obtained by expanding it in the time-frequency domain using WD.
However, wavelet analysis cannot always substitute the Fourier analysis. Many theorems of wavelet analysis are proved by Fourier expansions. Thus, these two types of analysis are rather complementary than mutually exclusive. Improvement of decoding principles by using modern technical devices and methods of digital signal processing are promising for the development of ALSC receiver with high reliability of noisy signals reception [18] .
LIST OF REFERENCE LINKS

ЗАСТОСУВАННЯ ПЕРЕТВОРЕННЯ ФУР'Є І ВЕЙВЛЕТ-ПЕРЕТВОРЕННЯ ДЛЯ ДЕШИФРАЦІЇ КОДУ АЛСН
Мета. Існуюча система автоматичної локомотивної сигналізації (АЛС) була розроблена в кінці минулого століття. У даній системі використовується принцип числового коду, реалізований на базі релейної техніки, у зв'язку з чим вона схильна до впливу різних перешкод. За минулі роки система була неодноразово модер-нізована, але причини збоїв та відмов у її роботі, як і раніше, залишаються предметом досліджень. Відомо, що частотна і фазова модуляція сигналу має вищу завадостійкість у порівнянні з амплітудною модуляцією. Тому в роботі була поставлена мета -дослідити можливість застосування частотних методів, таких як роз-кладання в ряд Фур'є та вейвлет-перетворення для вилучення із сигналів АЛС інформаційної складової про прийнятий код в умовах дії різних перешкод. Методика. За допомогою дослідження сигналу в частотній області можна витягти інформацію, недоступну в тимчасовому поданні сигналу. Для цієї мети було викори-стано вейвлет-перетворення, яке дає можливість представляти локальні особливості сигналу та забезпечувати частотно-часове розкладання відразу в двох просторах. Завдяки високій точності представ-лення сигналу з'являється можливість аналізувати тимчасову локалізацію спектральних компонентів і ви-ключити складові перешкод, навіть у разі збігу частоти перешкоди з частотою сигналу. Результати. Для порівняння інформативності методів розкладання Фур'є та вейвлет-перетворення було досліджено за допо-могою програмного пакету MATLAB еталонний та зашумленний сигнал коду зеленого вогню. Докладний аналіз отриманих спектральних характеристик показав, що вейвлет-перетворення дає більш коректну деши-фрацію сигналу. Наукова новизна. Заміна електромагнітних реле в системі АЛС на мікропроцесорну апа-ратуру передбачає застосування будь-якого математичного інструменту для дешифрування коду з метою отримання про нього додаткової інформації. Найчастіше, як математичний інструмент, використовується класичне перетворення Фур'є. Але, в силу наявності ряду недоліків в даному методі, було запропоновано використовувати вейвлет-перетворення, яке має ряд переваг і враховує недоліки перетворення Фур'є.
